Application No.: 10/035,985 
Date of Response: 11/19/2004 
Reply to Answer of: 09/21/2004 



REMARKS 

This Response is being entered in reply to the Examiner's answer of 
September 21, 2004. 

We have received the Examiner's Answer and are grateful to the team of 
5 Examiners for providing guidance in this matter. The appellants believe their 
position is, in general, adequately summarized in their Appeal Brief filed on 
August 3, 2004. However, there was one issue raised in the Examiner's Answer 
which the appellants feel compelled to reply to. 



In the Office Action of July 13, 2004, the Examiner stated, for the first time: 



the above rejection as it was incomprehensible to them. The Examiner's Answer 
of September 21 , 2004 has clarified this rejection such that it, for the first time, is 
25 now comprehended by the appellants. 



More importantly, it is known [sic] in the art that 
glycerol can be broken down to become 
dihydroxyacetone phosphate and hydrogen proton 
(H + ) as shown in the reaction below. 




15 



In contrary [sic], the instant disclosure teaches the 
use of molecular hydrogen (H 2 ) as fuel to produce 
electricity as recited in claim 1 Figure 1. The 
difference in describing the chemical and biological 
characteristic of the fuel does not enable a person of 
ordinary skill in the art to make and use the claimed 
invention 



In their Appeal Brief, the appellants stated they were unable to respond to 



The Examiner's Answer states: 

The specification does not reconcile the discrepancy 
between the hydrogen required for the operation of 
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the fuel cell and the hydrogen proton produced from 
the conversion of glycerol. 
As this is the first time this argument has been clearly and coherently put 
forth, the appellants believe it is a substantially new ground of rejection. 
5 Regardless of whether or not this is a new ground of rejection, the appellants 
respectfully submit that this rejection is untenable. One of ordinary skill in the art 
is able to convert hydrogen ions (protons) to the hydrogen required for the 
operation of a fuel cell (molecular hydrogen) without undue experimentation. 

With regard to this issue, the applicants have followed the standards found 
10 in the M.P.E.P. and omitted those minor details that are well known in the art. 
M.P.E.P. § 2164.01 A patent need not teach, and 
preferably omits, what is well known in the art. In re 
Buchner, 929 F.2d 660, 661, 18 USPQ2d 1331, 1332 
(Fed. Cir. 1991); Hybritech, Inc. v Monoclonal 
15 Antibodies, Inc. 802 F.2d 1367, 1384, 231 USPQ 81, 

94 (Fed. Cir. 1986), cert, denied 480 U.S. 947 (1987); 
and Linde-mann Maschinenfabrik GMBH v. American 
Hoist & Derrick Co., 730 F.2d 1452, 1463, 221 USPQ 
481, 489 (Fed. Cir. 1984). Determining enablement is 
20 a question of law based on underlying factual 

findings. In re Vaeck, 947 F.2d 488, 495, 20 USPQ2d 
1438, 1444 (Fed. Circ. 1991); Atlas Powder Co. v. E.I. 
du Pont de Nemours & Co., 750 F.2d 1569, 1576, 224 
USPQ 409, 413 (Fed. Circ. 1984). 
25 The mere fact that hydrogen ions and molecular hydrogen are different 

cannot form the basis of an enablement rejection. To be enabled, one must be 
able to transform hydrogen ions to molecular hydrogen without undue 
experimentation. 

M.P.E.P. § 2164.01 The test of enablement is not 
30 whether any experimentation is necessary, but 

whether, if experimentation is necessary, it is undue. 
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In m Angstadt, 537 F.2d 498, 504, 190, USPQ 214, 
219 (CCPA 1976). 
The appellants believe that methods for transforming hydrogen ions to 
molecular hydrogen are so well known that they need not be included explicitly in 
5 the specification. A multitude of methods are known both to fuel cell practitioners 
and to biotechnologists. The Examiner has disagreed with this assertion, stating: 
When an invention, in its different aspects, involves 
distinct arts, that specification is inadequate which 
does not enable the adepts of each art, those who 
10 have the best chance of being enabled, to earn/ out 

the aspect proper to their specialty. 
Regardless of weather the conversion of hydrogen ions to molecular 
hydrogen is a "fuel cell" art or a "biology" art, adepts of either art are clearly able 
to undertake such an endeavor without undue experimentation. Moreover, 
15 adepts of both arts are required to understand basic chemistry. The simple 

transformation of protons to molecular hydrogen is routinely taught in high school 
chemistry courses. 

In support of this assertion, the appellants have attached a brief article 
entitled "Fuel Cells" from http://earthsci.org/energy/fuelcell/fuelcell.html. Clearly 
20 this article is only a brief summary of the large amount of information available to 
adepts in the art. Sections of particular interest include "Water Based Hydrogen 
Production" starting on page 3 and "Where does the hydrogen come from?" 
starting on page 4. The use of enzymes to produce molecular hydrogen is 
discussed on page 5. Technologies such as those outlined in this article have 
25 been known for decades. Reference may be had to United States patent 

3,995,012 to Barnert et al. (Proceess of producing hydrogen and oxygen from 
H 2 0 in a thermochemical cycle) issued on November 20, 1976. The patent 
literature is contains many other methods for producing hydrogen such as United 
States patents 5,494,538 (Magnesium alloy for hydrogen production) and 
30 3,985,865 (Method for the generation of hydrogen). Numerous others methods of 
generating molecular hydrogen are disclosed throughout the literature. 
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Fuel cell practitioners readily reach for reducing agents to accomplish 
such a transformation. Indeed, the Examiners themselves instantly suggested 
the use of zinc, magnesium, and copper as electron donors to accomplish such a 
transformation. When the solution is so readily apparent that the Examiners 
5 instantly see the answer to the quandary, the appellants respectfully submit that 
the aforementioned solution does not require undue experimentation. Additional 
methods for forming molecular hydrogen include electrochemical reduction. The 
electrochemical reduction of water can give rise directly to molecular hydrogen. 
In addition, electrochemical reduction has been used to regenerate reducing 

10 agents. For example, hydrogen gas and zinc ions are produced when zinc metal 
is exposed to hydrogen ions. The zinc metal can be regenerated by 
electrochemical reduction of the zinc ions. Clearly, the conversion of hydrogen 
ions to molecular hydrogen is well known in the art of fuel cell technology. 

Biologists also are aware of a multitude of methods to transform organic 

1 5 compounds to molecular hydrogen. A number of microorganisms are known to 
be capable of such a transformation. Suitable organisms include Escherichia 
coli, Enterobacter aerogenes, Clostridium butyricum, Clostridium acetobutylicum, 
Clostridium perfrigens, and the like. These organisms transform organic 
substrates, such as glucose or other sugars, to molecular hydrogen. Other 

20 organisms, such as Rhodospirillum rubrum utilize the enzyme nitrogenase in 
nitrogen fixation. This same enzyme has been found to transform protons to 
molecular hydrogen. Chlamydomonas reinhardtii convert water to molecular 
hydrogen and molecular oxygen under specified conditions. One or more of 
these organisms may be adapted for use with the present invention. Reference 

25 may be had to the attached paper entitled "Microbial bioreactors producing H 2 for 
conventional cells." The references cited therein have publication dates ranging 
from as early as 1972 to as late as 1983. Clearly, suitable technologies were 
available as of the filing date of the present application. 

From the above discussion, it is clear that a multitude of methods are 

30 known to convert hydrogen ions to molecular hydrogen. In compliance with 

M.P.E.P. § 2164.01, the specification has omitted that which is well known in the 
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art. Clearly, one of ordinary skill in the art is able to transform hydrogen ions into 
molecular hydrogen. As such, an enablement rejection based on the supposed 
inability to perform such a transformation, is untenable. 

Applicants respectfully request reconsideration and that a timely Notice of 
5 Allowance be issued in this case. If, for any reason, the Patent Examiner 
believes that a telephone conference with applicants' agent might in any way 
facilitate the prosecution of this case, the Examiner is respectfully requested to 
call such agent. 



10 connection with the filing of this paper, including extension of time fees, to 

Deposit Account 50-2753 and credit any excess fees to such deposit account. If 
necessary, a petition for an extension of time under 37 C.F.R. 1.136 is hereby 
made. 



To the extend necessary, please charge any shortage in fees due in 



15 



Respectfully submitted, 
Howard J. Greenwald P.C. 




20 



Peter J. Mikesell 
Reg. No. 54,311 
Telephone (585) 387-0285 
Fax (585) 387-0288 
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What Is A Fuel Cell? 



In principle, a fuel cell operates like a battery. 
Unlike a battery, a fuel cell does not run down 
or require recharging. It will produce energy in 
the form of electricity and heat as long as fuel 
is supplied. 

A fuel cell consists of two electrodes 
sandwiched around an electrolyte. Oxygen 
passes over one electrode and hydrogen over 
the other, generating electricity, water and heat. 

Hydrogen fuel is fed into the "anode" of the fuel 
cell. Oxygen (or air) enters the fuel cell through 
the cathode. Encouraged by a catalyst, the 
hydrogen atom splits into a proton and an 
electron, which take different paths to the 
cathode. The proton passes through the 
electrolyte. The electrons create a separate current that can be utilized before they 
return to the cathode, to be reunited with the hydrogen and oxygen in a molecule of 
water. 

A fuel cell system which includes a "fuel reformer" can utilize the hydrogen from any 
hydrocarbon fuel - from natural gas to methanol, and even gasoline. Since the fuel cell 
relies on chemistry and not combustion, emissions from this type of a system would 
still be much smaller than emissions from the cleanest fuel combustion processes. 

Fossil Fuel Based Hydrogen Production 

A closer look at the chemical formula for any fossil fuel reveals that hydrogen is present 
in all of the formulas. The trick is to remove the hydrogen safely, efficiently and without 
any of the other elements present in the original compound. Hydrogen has been 
produced from coal, gasoline, methanol, natural gas and any other fossil fuel currently 
available. Some fossil fuels have a high hydrogen to oxygen ratio making them better 
candidates for the reforming process. The more hydrogen present and the fewer 
extraneous compounds make the reforming process simpler and more efficient. The 
fossil fuel that has the best hydrogen to carbon ratio is natural gas or methane(CH 4 ). 

Steam Reforming of Natural Gas 

Hydrogen production from natural gas commonly employs a process known as steam 
reforming. Steam reforming of natural gas involves two steps. The initial phase involves 
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rendering the natural gas into hydrogen, carbon dioxide and carbon monoxide. This 
breakdown of the natural gas is accomplished by exposing the natural gas to high 
temperature steam. The second phase of steam reforming consists of creating 
additional hydrogen and carbon dioxide by utilizing the carbon monoxide created in the 
first phase. The carbon monoxide is treated with high temperature steam and the 
resulting hydrogen and carbon dioxide is sequestered and stored in tanks. Most of the 
hydrogen utilized by the chemical and petroleum industries is generated with steam 
reforming. Steam reforming reaches efficiencies of 70% - 90%. The reformer component 
on a complete fuel cell system is usually a smaller variation of the process described 
above. Component reformers operate under varying operating conditions and the 
chemical path that the hydrogen generation follows will vary from manufacturer to 
manufacturer, but the resulting hydrogen reformate is essentially the same. 

Water Based Hydrogen Production 



Electrolysis 

Electrolysis is the technical name for using electricity to split water into its 
constituent elements, hydrogen and oxygen. The splitting of water is 
accomplished by passing an electric current through water. The electricity enters 
the water at the cathode, a negatively charged terminal, passes through the water 
and exists via the anode, the positively charged terminal. The hydrogen is 
collected at the cathode and the oxygen is collected at the anode. Electrolysis 
produces very pure hydrogen for use in the electronics, pharmaceutical and food 
industries. 

Relative to steam reforming, electrolysis is very expensive. The electrical 
inputs required to split the water into hydrogen and oxygen account for 
about 80% of the cost of hydrogen generation. Potentially, electrolysis, when 
coupled with a renewable energy source, can provide a completely clean and 
renewable source of energy. In other circumstances, electrolysis can couple 
with hydroelectric or off-peak electricity to reduce the cost of electrolysis. 

Photoelectrolysis 

Photoelectrolysis, known as the hydrogen holy grail in some circles, is the 
direct conversion of sunlight into electricity. Photovoltaics, semiconductors 
and an electrolyzer are combined to create a device that generates hydrogen. 
The photoelectrolyzer is placed in water and when exposed to sunlight 
begins to generate hydrogen. The photovoltaics and the semiconductor 
combine to generate enough electricity from the sunlight to power the 
electrolyzer. The hydrogen is then collected and stored. Much of the research 
in this field takes place in Golden, Colorado at the National Renewable 
Energy Laboratory. 

Photobiological 

Photobiological production of hydrogen involves using sunlight, a biological 
component, catalysts and an engineered system. Specific organisms, algae 
and bacteria, produce hydrogen as a byproduct of their metabolic processes. 
These organisms generally live in water and therefore are biologically 
splitting the water into its component elements. Currently, this technology is 
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still in the research and development stage and the theoretical sunlight 
conversion efficiencies have been estimated up to 24%. Over 400 strains of 
primitive plants capable of producing hydrogen have been identified, with 25 
impressively achieving carbon monoxide to hydrogen conversion efficiencies 
of 100%. 

In one example, researchers have discovered that the alga, Chlamydomonas 
reinhardtii, possesses an enzyme called hydrogenase that is capable of 
splitting water into its component parts of hydrogen and oxygen. The 
researchers have determined the mechanism for starting and stopping this 
process, which could lead to an almost limitless method for producing clean, 
renewable hydrogen. The algae need sulfur to grow and photosynthesize. 
Scientists found that when they starved the algae of sulfur, in an oxygen-free 
environment, the algae reverted to a hydrogenase-utilizing mode. This 
mechanism was developed over millions of years of evolution for survival in 
oxygen-rich and oxygen-free environments. Once in this cycle, the algae 
released hydrogen, not oxygen. Further research is necessary to improve the 
efficiencies of the engineered plant systems, collection methods and the 
costs of hydrogen generation. 

Where does the hydrogen come from? 

Hydrogen made from renewable energy resources provides a clean and 
abundant energy source, capable of meeting most of the future's high energy 
needs. When hydrogen is used as an energy source in a fuel cell, the only 
emission that is created is water, which can then be electrolyzed to make 
more hydrogen - the waste product supplies more fuel. This continuous 
cycle of energy production has potential to replace traditional energy 
sources in every capacity - no more dead batteries piling up in landfills or 
pollution-causing, gas-guzzling combustion engines. The only drawback is 
that hydrogen is still more expensive than other energy sources such as 
coal, oil and natural gas. Researchers are helping to develop technologies to 
tap into this natural resource and generate hydrogen in mass quantities and 
cheaper prices in order to compete with the traditional energy sources. There 
are three main methods that scientists are researching for inexpensive 
hydrogen generation. All three separate the hydrogen from a 'feedstock 1 , 
such as fossil fuel or water - but by very different means. 

Reformers - Fuel cells generally run on hydrogen, but any hydrogen-rich 
material can serve as a possible fuel source. This includes fossil fuels - 
methanol, ethanol, natural gas, petroleum distillates, liquid propane and 
gasified coal. The hydrogen is produced from these materials by a process 
known as reforming. This is extremely useful where stored hydrogen is not 
available but must be used for power, for example, on a fuel cell powered 
vehicle. One method is endothermic steam reforming. This type of reforming 
combines the fuels with steam by vaporizing them together at high 
temperatures. Hydrogen is then separated out using membranes. One 
drawback of steam reforming is that is an endothermic process - meaning 
energy is consumed. Another type of reformer is the partial oxidation (POX) 
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reformer. C02 is emitted in the reforming process, which makes it not 
emission-free, but the emissions of NOX, SOX, Particulates, and other smog 
producing agents are probably more distasteful than the C02. And fuel cells 
cut them to zero. 

Enzymes - Another method to generate hydrogen is with bacteria and algae. 
The cyanobacteria, an abundant single-celled organism, produces hydrogen 
through its normal metabolic function,. Cyanobacteria can grow in the air or 
water, and contain enzymes that absorb sunlight for energy and split the 
molecules of water, thus producing hydrogen. Since cyanobacteria take 
water and synthesize it to hydrogen, the waste emitted is more water, which 
becomes food for the next metabolism. 

Solar- and Wind- powered generation - By harnessing the renewable energy 
of the sun and wind, researchers are able to generate hydrogen by using 
power from photovoltaics (PVs), solar cells, or wind turbines to electrolyze 
water into hydrogen and oxygen. In this manner, hydrogen becomes an 
energy carrier - able to transport the power from the generation site to 
another location for use in a fuel cell. This would be a truly zero-emissions 
way of producing hydrogen for a fuel cell. 



Other Methods of Hydrogen Generation 



Biomass Gasification and Pyrolysis 

Biomass can be utilized to produce hydrogen. The biomass is first converted into 
a gas through high-temperature gasifying, which produces a vapor. The hydrogen 
rich vapor is condensed in pyrolysis oils and then can be steam reformed to 
generate hydrogen. This process has resulted in hydrogen yields of 12% - 17% 
hydrogen by weight of the dry biomass. The feedstock for this method can consist 
of wood chips, plant material, agricultural and municipal wastes, etc... When 
biological waste material is used as a feedstock, this method of hydrogen 
production becomes a completely renewable, sustainable method of hydrogen 
generation. 



Fuel Cell Environmental Benefits 
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High Fuel Efficiencies 

By converting fuel directly into energy through an electrochemical reaction, 
fuel cells extract more power out of the same quantity of fuel when compared 
to traditional combustion. This direct process results in a reduced amount of 
fuel being consumed and greater efficiencies, 30% to 90%, depending on the 
fuel cell system and if the surplus heat is utilized. Combustion-based energy 
generation first converts the fuel into heat, limited by Carnot's Law of 
Thermodynamics, and then into mechanical energy, which provides motion 
or drives a turbine to produce energy. The additional steps involved in 
combustion generation allow energy to escape as heat, friction and 
conversion losses, resulting in lower overall efficiencies. 

Low Emissions 

When hydrogen is the fuel; water, heat and electricity are the by-products of 
the electrochemical reaction in a fuel cell generating electricity, instead of 
carbon dioxide, nitrogen oxides, sulfur oxides and particulate matter inherent 
to fossil fuel combustion. 

When fossil fuels are reformed into hydrogen, emissions of carbon dioxide, 
nitrous oxides, sulfur oxides and other pollutants are a fraction of those 
produced through the combustion of the same amount of fuel. 
Reduction in Environmental Damage Inherent to Extractive Industries 

Fuel cells avoid the environmental damage associated with the extraction of 
fossil fuels from the Earth when the hydrogen is produced from renewable 
sources. If a hydrogen spill occurred, it would evaporate instantly, because 
hydrogen is lighter than air, leaving only water behind. This a dramatic 
departure from the legacy that oil drilling, transportation, refining and waste 
products have left on the Earth. 



How does a Fuel Cell work? 



Electrochemical fuel 
cells convert the 
chemical energy of 
fuels directly into 
electrical energy to 
provide a clean and 
highly efficient 
source of electrical 
energy, potentially to 




http://earthsci.org/energy/fiielcell/fiielcell.html 



11/16/2004 



fuel cells 



Page 7 of 12 



power electric 

vehicles. Although fuel cell research dates back at least 30 years, nearly all 
large automakers recently have begun projects to develop and evaluate fuel 
cell-powered vehicles. Their goals are reduced costs, minimal pollution and 
high efficiency. Like a battery, a fuel cell consists of two electrodes separated 
by an electrolyte made of a thin polymeric membrane. But unlike a battery, a 
fuel cell doesn't need recharging. It will continue to produce electricity as 
long as fuel flows through it. 

In a fuel cell, hydrogen gas from the fuel reacts electrochemically at one 
electrode and converts into protons and electrons. The protons move 
through the electrolyte to the other electrode, where they combine with 
oxygen from the air and with the electrons to form water, which is expelled 
from the cell as vapor. The involvement of hydrogen and oxygen in the two 
reactions - one releasing electrons and the other consuming them - yields 
electrical energy that is tapped across the electrodes for power, for example, 
to drive a motor. 

Highly efficient fuel cells based on polymer electrolyte catalysts, known as 
proton-exchange membrane fuel cells, were developed by General Electric 
for the Gemini space program, but required large amounts of a costly 
platinum catalyst. The heart of the PEM fuel cell is a polymer membrane that 
has thin films of catalyst bonded on both its major surfaces, providing 
effective catalytic sites for the electrode processes. 

Highly efficient fuel cells based on polymer electrolyte catalysts, known as 
proton-exchange membrane fuel cells, were developed by General Electric 
for the Gemini space program, but required large amounts of a costly 
platinum catalyst. The heart of the PEM fuel cell is a polymer membrane that 
has thin films of catalyst bonded on both its major surfaces, providing 
effective catalytic sites for the electrode processes. 



courtesy ofEcosoul 

Through a single electrochemical 
process, a fuel cell produces 
electricity, water, and heat using 
fuel and oxygen in the air . Water is 
the only emission when hydrogen is 
the fuel. As hydrogen flows into the 
fuel cell on the anode side (see Fuel 
Cell Mode figure), a platinum 
catalyst facilitates the separation of 
the hydrogen gas into electrons and 
protons (hydrogen ions) in a proton 
exchange membrane or PEM fuel 
cell. 
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The hydrogen ions pass through the membrane (the center part of a PEM fuel 
cell) and, again with the help of a platinum catalyst, combine with oxygen and 
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electrons on the cathode side producing water. The electrons, which cannot 
pass through the membrane, flow from the anode to the cathode through an 
external circuit containing an electric load which consumes the power 
generated by the cell. The overall electrochemical process of a fuel cell is 
called "reverse hydrolysis," or the opposite of hydrolyzing water to form 
hydrogen and oxygen. 

A reversible fuel cell can 
accomplish "hydrolysis" through 
the supply of electricity to the cell 
and a supply of water to the 
cathode (see Electrolyzer Cell 
Mode ). Only certain fuel cell types 
are reversible, that is, can also 
accomplish the electrochemistry 
associated with both the production 
of electricity from fuel and oxidant 
and the production of fuel and 
oxidant from water when supplied 
with electricity. 
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The Reversible fuel cell concept is one that incorporates a reversible fuel cell 
that can accomplish both hydrolysis and reverse hydrolysis in the same cell. 
This allows one to consider the completely renewable production of 
electricity by using a renewable energy supply (e.g., solar, wind) to produce 
hydrogen and oxygen from water which can subsequently be used to 
produce electricity through the same fuel cell from the fuel and oxidant 
produced previously. 

All text and diagrams courtesy ofEcosoui. 
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Fuel cells are capable of operating on hydrogen, or hydrogen reformed from 
any of the common fossil fuels available today. 

High Power Densities 

The amount of power a fuel cell can generate within a given volume is usually 
given in kWh/liter. These numbers continue to rise as manufacturers 
continue research and development on their respective products. 

Low Operating Temperatures and Pressures 

Fuel cells operate at 80° C to over 1,000° C, depending on the type of fuel 
cell. These numbers might seem high, but the temperature inside your 
vehicle's internal combustion engine can reach over 2,300° C. 

Site Flexibility 

Fuel cells, with their inherently quiet operation, zero to minimal emissions 
and reduced permitting requirements, can be located in a variety of areas, 
both residential and commercial, inside and outside. 

Cogeneration Capability 

When the waste heat from the fuel cell's electrochemical reaction is captured, 
it can be utilized for water, space heating and cooling. With cogeneration 
capabilities, the efficiencies achieved by a fuel cell system approach 90%. 

Quick Response to Load Variations 

To receive additional energy from a fuel cell, more fuel is introduced into the 
system. Fuel cell load response is analogous to depressing the gas pedal in 
your vehicle, more fuel more power. 

Engineering Simplicity 

Fuel cells do not contain any moving parts. The lack of movement allows for 
a simpler design, higher reliability's, quite operation and a system that is less 
likely to fail. 

Independence from the Power Grid 

A residential fuel cell system allows people to become independent of the 
brown outs, power failures and voltage irregularities that are commonplace 
when connected to the utility grid. Any one of these common power 
disruptions can damage sensitive computer systems, electronic equipment 
and the quality of life people desire to have. 

Reliable energy in areas that are subjected to weather related power outages. 

Fuel Cells vs. Traditional Batteries 

Fuel cells offer a reduction in weight and come 
in a compact package for the same amount of 
available energy when compared to batteries. 

To increase the power in a fuel cell, more fuel is 
introduced into the system. To increase the 
power of a battery, more batteries have to be 
added increasing the cost, weight and 
complexity of the system. 

A fuel cell never "runs down", it continues to produce electricity as long as 
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fuel is present. When a battery "runs down" it has to undergo a lengthy, 
inconvenient recharge time to replace the spent electricity. Depending on 
where the electricity originates, pollution, costs and efficiency problems are 
transferred from the batteries location to the central generating plant. 




Phosphoric Acid. This type of fuel cell is commercially available today. More 
than 200 fuel cell systems have been installed all over the world - in 
hospitals, nursing homes, hotels, office buildings, schools, utility power 
plants, an airport terminal, even a municipal waste dump. Phosphoric acid 
fuel cells generate electricity at more than 40% efficiency - and nearly 85% of 
steam this fuel cell produces is used for cogeneration -- this compares to 
about 35% for the utility power grid in the United States. Operating 
temperatures are in the range of 40 0 degrees F. 
Proton Exchange Membrane. : 
These cells operate at relatively! 
low temperatures (about 200 f 
degrees F), have high power, 
density, can vary their output! 
quickly to meet shifts in power \ 
demand, and are suited for 
applications, - such as in j 
automobiles - where quick startup) 
is required. According to the U.S.. 
Department of Energy, "they are I 
the primary candidates for light- ^HHi^ ^a* a 1 

duty vehicles, for buildings, and potentially for much smaller applications 
such as replacements for rechargeable batteries." The proton exchange 
membrane is a thin plastic sheet that allows hydrogen ions to pass through 
it. The membrane is coated on both sides with highly dispersed metal alloy 
particles (mostly platinum) that are active catalysts. Hydrogen is fed to the 
anode side of the fuel cell where the catalyst encourages the hydrogen atoms 
to release electrons and become hydrogen ions (protons). The electrons 
travel in the form of an electric current that can be utilized before it returns to 
the cathode side of the fuel cell where oxygen has been fed. At the same 
time, the protons diffuse through the membrane to the cathode, where the 
hydrogen atom is recombined and reacted with oxygen to produce water, 

thus completing the overall process. 
Molten Carbonate. Molten carbonate fuel cells promise high fuel-to-electricity 
efficiencies and operate at about 1,200 degrees F. To date, molten carbonate 
fuel cells have been operated on hydrogen, carbon monoxide, natural gas, 
propane, landfill gas, marine diesel, and simulated coal gasification products. 
10 kW to 2 MW molten carbonate fuel cells have been tested on a variety of 
fuels. Carbonate fuel cells for stationary applications have been sucessfuly 
demonstrated in Japan and Italy. 

Solid Oxide. Another highly promising fuel cell, the solid oxide fuel cell 
(SOFC) could be used in big, high-power applications including industrial 
and large-scale central electricity generating stations. Some developers also 
see solid oxide use in motor vehicles and are developing fuel cell auxiliary 
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power units (APUs) with SOFCs. A solid oxide system usually uses a hard 
ceramic material instead of a liquid electrolyte, allowing operating 
temperatures to reach 1,800 degrees F. Power generating efficiencies could 
reach 60%. One type of SOFC uses an array of meter-long tubes, and other 
variations include a compressed disc that resembles the top of a soup can. 
Tubular SOFC designs are closer to commercialization and are being 
produced by several companies around the world. Demonstrations of tubular 
SOFC technology have produced as much as 220 kW. 

Alkaline. Long used by NASA on space missions, these cells can achieve 
power generating efficiencies of up to 70 percent. They use alkaline 
potassium hydroxide as the electrolyte. Until recently they were too costly for 
commercial applications, but several companies are examining ways to 
reduce costs and improve operating flexibility. 

Direct Methanol Fuel Cells. These cells are similar to the PEM cells in that 
they both use a polymer membrane as the electrolyte. However, in the DMFC, 
the anode catalyst itself draws the hydrogen from the liquid methanol, 
eliminating the need for a fuel reformer. Efficiencies of about 40% are 
expected with this type of fuel cell, which would typically operate at a 
temperature between 120-190 degrees F. Higher efficiencies are achieved at 
higher temperatures. 

Regenerative Fuel Cells. Still a very young member of the fuel cell family, 
regenerative fuel cells would be attractive as a closed-loop form of power 
generation. Water is separated into hydrogen and oxygen by a solar-powered 
electrolyser. The hydrogen and oxygen are fed into the fuel cell which 
generates electricity, heat and water. The water is then recirculated back to 
the solar-powered electrolyser and the process begins again. These types of 
fuel cells are currently being researched by NASA and others worldwide. 



END 

Earth Science Australia... 
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2.1. Microbial bioreactors producing H 2 for conventional fuel 

cells. 



jack to 
contents 



FERMENTATION IN ESCHERICHIA COLI 

1/2 GLUCOSE 



Lactate 



NAD + NADH 



CH3CHOHCOOH L ^ CH3C0C00li 



NADH 



Formate 
HCOOH 



NAD 4 



NADH 



NAD 




Acetaldehyde 
CH3CHO 

J ADH 

Ethanol 
CH3CH2OH 



anaerobically induced 



Various bacteria and algae, for 
example Escherichia coli, 
Enterobacter aerogenes, 
Clostridium butyricum, 
Clostridium acetobutylicum, 
and Clostridium perfringens 
have been found to be active in 
hydrogen production under 
anaerobic conditions [ 11- 16] 
The most effective H 

production is observed upon 
fermentation of glucose in the 
presence of Clostridium 
butyricum (strain IFO 3847, 35 

jamol h -1 H 2 evolution by 1 g of 
the microorganism at 37°C) 
[II]. 



The picture left shows a 
microbial fermentation process 
provided by Escherichia coli 
resulting in H 2 evolution as a 

typical example of the 
microbial fuel production. 



Examples o f bacteria used in microbial biofuel cells: 

Escherichia coli and Enterobacter aerogenes are facultative anaerobes, they ferment both glucose and 
lactose as a carbon source and produce H 2 , but do not produce hydrogen sulfide. 
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Escherichia cull 
MacConkey agar 




t n t era b a c t e r a c ro g e n e s 
Mactonkey agar 



Members of genus Clostridium are Gram-positive, spore-forming rods that are anaerobic. These motile 
bacteria are ubiquitous in nature and are especially fond of soil. Under the microscope, they appear as 
long drumsticks with a bulge located at their terminal ends. A Gram-stain is a good method for 
identifying Clostridium because the cell incorporates the dye while the spore remains unstained. 
Clostridium shows optimimum growth when plated on blood agar at human body temperatures. When 
the environment becomes stressed, however, the bacteria produce spores that tolerate the extreme 
conditions that the active bacteria cannot. In their active form, these bacteria secrete powerful exotoxins 
that are responsible for such diseases as tetanus, botulism, and gas gangrene. 




The conversion of carbohydrate to 
hydrogen is achieved by a multienzyme 
system. In bacteria the route is believed 
to involve glucose conversion to 2 mol 
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EMBDEN MEYERHOF PATHWAY 
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of pyruvate and 2 mol of NADH formed 
by the Embden-Meyerhof pathway. The 
pyruvate is then oxidized through a 
pyruvate - ferredoxin oxidoreductase 
producing acetyl-CoA, C0 2 , and 

reduced ferredoxin. NADH-ferredoxin 
oxidoreductase oxidizes NADH and 
reduces ferredoxin. The reduced 
ferredoxin is reoxidized to form 
hydrogen by the hydrogenase. As 
result, 4 mol of hydrogen are produced 
from 1 mol of glucose under ideal 
conditions (Equations 3-6). However, 
only ca. 1 mol of H 2 per 1 mol of 

glucose was obtained under optimal 
conditions in a real system. Since the H 

yield is only ca. 25% of the theoretical 
yield [18], the improvement of hydrogen 
production by genetic engineering 
techniques and screening of new 
hydrogen-producing bacteria is possible 
for enhanced energy conversion 
Glucose is an expensive substrate, and 
industrial wastewater containing 
nutritional substrates for H 2 -producing 

bacteria have been successfully applied 
to produce hydrogen later used in a fuel 
cell [17]. 



Equation 

Glucose + 2 NAD + ^^^'Wntw > 2 Pyruvate + 2 NADH 



(3): 



Equation (4): 
Pyruvate + Ferredoxin ox ry™^^™^^** > Acetyl -CoA + C0 2 

Equation (5): 
NADH + Fen-edoxin ox > NAD + + Ferredoxin red 



Equation (6): 



Ferredoxin red + 2 H + Hydrogenase > Ferredoxin ox + H : 
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CH20H 
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HO 



OH 




D-glucose 



Pyruvate 



The immobilization of hydrogen-producing bacteria, CI. Butyricum, has great value because this 
stabilizes the relatively unstable hydrogenase system. In order to stabilize the biocatalytic performance 
the bacteria were introduced into polymeric matrices, e.g. polyacrylamide [17], agar gel [19,20], and 
filter paper [18]. The immobilized microbial cells continuously produced H 2 under anaerobic conditions 

for the period of weeks whereas non-immobilized bacteria cells were fully deactivated in less than 2 
days [19]. 

A H 2 /0 2 -fuel cell (Pt-black-nickel mesh anode and Pd-black-nickel mesh cathode separated by a nylon 

filter and operated at room temperature) was connected to a bioreactor (Jar-fermentor) producing H 2 

[19,20]. The H 2 gas produced was collected and transported to the anodic compartment of the fuel cell, 

where the gas was used as a fuel (Equation 7). The current and voltage output were dependent on the 
rate of hydrogen production in the fermentor. For example, an open-circuit voltage (V oc ) of 0.95 V and 

short-circuit current density (i sc ) of 40 mA cm" 2 were obtained at the H 2 flow of 40 mL min" 1 . The 

biofuel cell operating at steady-state conditions for 7 days reveled a continuos current between 500 and 
550 mA [20]. 
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Equation (7): 



H 2 -> 2H + + 2e~ (to anode) 
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